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ELECTROCHRQMXC— HX&gLAY PANEL WITH ELECTRODES FOR ADJUSTING CROSSTALK 



The invention relates to a display panel comprising 
- a plurality of picture elements, each picture element having respective neighboring 
picture elements and comprising 

- a first electrode and a second electrode for the application of a potential difference 
5 between the first and the second electrode, and 

- electrochromic material 

- being present between the first electrode and the second electrode, 

- having an optical state, and 

- being able to receive an electrical charge, induced by the potential difference, 
10 which provides a change in the optical state, and 

. crosstalk controlling means for adjusting first electrical currents between the picture 
elements and their respective neighboring picture elements. 

An embodiment of the display panel of the type mentioned in the opening 

15 paragraph is known from US-A 5,444,330. 

In the known display panel the application of the potential difference between 
the first and the second electrode of a picture element induces an electrical current flowing 
between the electrodes. The electrical charge contained by the electrochromic material, 
induced by the electrical current, determines the color of the picture element. Color changes 

20 are provided by varying the electrical charge. Crosstalk is the full or partial coloring of the 
picture elements that are respective neighbors to the picture elements addressed. Crosstalk 
controlling means substantially eliminate currents between picture elements addressed and 
respective neighboring picture elements. As a result crosstalk is substantially eliminated. The 
crosstalk controlling means are formed by a structured ion-conductive layer, which is present 

25 between the first and the second electrodes of the picture elements. The structuring of the 

ion-conductive layer provides relatively nonconductive regions between the picture elements, 
resulting in relatively electrically isolated picture elements. This provides the substantial 
elimination of the currents between the picture elements addressed and the respective 
neighboring picture elements, resulting in the substantial elimination of crosstalk. The ion- 
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conductive layer between picture elements is made relatively nonconductive by selective 
exposure of the ion-conductive layer between the picture elements to electromagnetic 
radiation to cause permanent change in the chemical composition of the ion-conductive layer. 
By the adjustment of the conductivity of the ion-conductive layer between picture elements, 
the crosstalk controlling means can be adjusted during the manufacturing process of the 
display panel. After the manufacturing of the display panel the crosstalk controlling means 
have become fixed and, in operation, crosstalk is substantially unadjustable. However, in 
certain applications, for instance smooth transitions in pictures, it may be desirable that, in 
operation, the crosstalk is substantially adjustable. 

A drawback of the known display panel is that, in operation, the crosstalk is 
substantially unadjustable. 



It is an object of the invention to provide a display panel of the kind mentioned 
in the opening paragraph which allows for the crosstalk to be substantially adjustable. 

The object is achieved by the crosstalk controlling means comprising third 
electrodes between the picture elements and their respective neighboring picture elements for 
receiving first potentials to adjust the first electrical currents. 

The invention is based on the insight that the first electrical currents between 
picture elements and neighboring picture elements are adjustable when third electrodes are 
present, by the application of potentials on the third electrodes. Therefore, crosstalk is 
adjusted by the application of first potentials to the crosstalk controlling means which more 
or less electrically decouple the picture elements from their respective neighboring picture 
elements. The first potentials depend on the potential differences between the first and the 
second electrodes and on the position and the dimensions of the third electrodes relative to 
the first and the second electrodes. 



If the first and the third electrodes are present on a first substantially flat 
substrate, the position of the third electrodes is relatively well defined with respect to the first 
electrodes and the display panel can relatively easily be manufactured in a mass-production 
process. The first potentials on the third electrodes adjust the first electrical currents. If the 
first potentials are between the potentials of neighboring first electrodes, the third electrodes 
more or less act as electron sink of the first electrical currents resulting in an adjustable 
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crosstalk. If, furthermore, a surface area of the third electrodes facing the first substrate is 
smaller than a surface area of the first electrodes facing the first substrate, the picture 
elements can be arranged close to each other for displaying high-resolution pictures. If the 
third electrodes surround the first electrodes, the adjustability of the first electrical currents is 

5 relatively large. 

The adjustability of the first electrical current is relatively large if the second 
electrodes are present on a second substantially flat substrate, the first and the second 
electrodes being situated between the first and the second substrate, and the crosstalk 
controlling means further comprise fourth electrodes, present on one of the first and the 

10 second substrate and between the second electrodes, the fourth electrodes being able to 

receive second potentials to adjust the first electrical currents between the picture elements 
and their neighboring picture elements. The application of second potentials on the fourth 
electrodes adjusts the first electrical currents. The second potentials can independently be 
chosen with respect to the first potentials providing a higher degree of freedom to adjust the 

15 first electrical currents. If the first and the second potentials are in the range between the 

potentials of the first and the second electrodes, such that the potential difference between the 
first and the second potentials is substantially smaller than the potential difference present 
between the first and the second electrodes, crosstalk is substantially eliminated. 

In a preferred embodiment at least one type of electrodes consisting of the first 

20 and the second electrodes are connected with switching elements for connecting the at least 
one type of electrodes to a driver providing the possibility of active matrix addressing. An 
example of a switching element is a thin film transistor, also known as TFT, but alternatively 
diodes and metal-insulator-metal devices, also known as MIM's, can be used as switching 
elements. 

25 An adjustable crosstalk is provided by the application of potentials to the third 

electrodes that more or less electrically couple the picture elements with the neighboring 
picture elements. This provides the possibility to display sharp transitions in pictures with 
substantially eliminated crosstalk on the one hand, and smooth transitions in pictures, e.g. 
displaying some characters, being naturally supported by the crosstalk on the other hand. 

30 Therefore, in a preferred embodiment of the display panel further comprising switching 
means for adjusting the first potentials on the third electrodes, crosstalk can externally be 
adjusted by for instance the viewer. Making use of the switching means, the first potentials 
on the third electrodes are adjusted, providing the possibility to display pictures with sharp 
transitions as well as pictures with smooth transitions. 
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If the second electrodes of a number of picture elements are integral, the 
design of the display panel is relatively simple and the display panel can relatively easy be 
manufactured. 



These and other aspects of the display panel of the invention will be further 
elucidated and described with reference to the drawings in which: 

Figure 1 shows diagrammatically a front view of the display panel, 
Figure 2 shows diagrammatically a cross sectional view along II-II in Figure 1, 
10 Figure 3 shows diagrammatically a cross sectional view along m-IH in Figure 

2, 

Figure 4 shows diagrammatically a cross sectional view similar to II-II in 

Figure 1, 

Figure 5 shows diagrammatically an equivalent circuit diagram of a portion of 
15 the display panel, 

Figure 6 shows diagrammatically a portion of an equivalent circuit diagram of 
a portion of the display panel, and 

Figure 7 shows diagrammatically a portion of the display panel. 

The Figures are schematic and not drawn to scale and in all the figures the 
20 same reference numerals refer to corresponding parts. 



In Figure 1 the display panel 1 has picture elements 2. The picture elements 2 
can for instance be arranged along substantially straight lines in a two-dimensional structure. 

25 For one picture element 2 the neighboring picture elements T are indicated. 

In Figure 2 the display panel 1 comprises picture element 2 having 
neighboring picture elements 2\ Each picture element 2 comprises a first electrode 3 and a 
second electrode 4 between which a potential difference is applied. The second electrodes 4 
of a number of picture elements 2 can be integral. Furthermore, electrochromic material 5 is 

30 present between first electrodes 3 and second electrodes 4. Preferably, the first electrodes 3 
and/or the second electrodes 4 are transparent or are situated substantially out of the direct 
line of view to the display panel 1, to ensure that the change in optical state of the 
electrochromic material 5 is viewable. The electrochromic material 5 is for instance tungsten 
oxide or molybdenum oxide. Prior to the application of a potential difference between the 
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first electrode 3 and the second electrode 4 the electrochromic material 5 is essentially non- 
absorbent and thus transparent. Without lack of generality, the potential of the second 
electrodes is chosen zero, because only potential differences between electrodes have 
physical meaning. If a potential of for instance -2 V is applied at the first electrodes 3 the 

5 electrical charge received by the electrochromic material 5 changes, resulting in a blue 
coloration of the previously transparent electrochromic material 5. The coloration can be 
removed, so-called bleaching, by reversing the voltage. An unstructured ion-conductive 
material can be present between the electrochromic material 5 and the second electrode 4, to 
make the coloration and bleaching process better controllable. Between the picture element 2 

10 and neighboring picture elements 2' the crosstalk controlling means are formed by third 
electrodes 6. The third electrodes 6 adjust the first electrical currents between the picture 
element 2 and the neighboring picture elements 2\ At the first electrode 3 of picture element 
2 for instance a voltage is applied of 2 V to make the picture element 2 transparent. The 
voltages applied at the first electrodes 3 of neighboring picture elements T are for instance 

15 voltages of -2 V to color the neighboring picture elements 2\ The voltages applied at the 
third electrodes 6 are for instance 0 V to substantially reduce crosstalk between picture 
element 2 and neighboring picture elements 2\ 

Many dimensions and positions of third electrodes 6 are possible. In Figure 2 the surface area 
of the third electrodes 6 facing the first substrate 7 is smaller than the surface area of the first 

20 electrodes 3 facing the first substrate 7. Furthermore, the third electrodes 6 are present 

between the first electrodes 3 on the first substrate 7, but the third electrodes 6 may also be 
free from the first substrate 7. 

A preferred embodiment is shown in Figure 3 where furthermore the third 
electrode 6 surrounds the first electrode 3. In this configuration the adjustability of the first 

25 electrical currents is relatively large. 

In Figure 4 the second electrodes 4 are present on the second substrate 50, 
with the first and the second electrodes 3,4 between the first and the second substrate 7,50. 
The crosstalk controlling means further comprise fourth electrodes 8 present on the second 
substrate 50 and between the second electrodes 4. The fourth electrodes 8 are able to receive 

30 second potentials to adjust the first electrical currents. By the application of first potentials on 
the third electrodes 6 and second potentials on the fourth electrodes 8, the potentials 
independently chosen, first electrical currents are adjusted. At the first electrode 3 of picture 
element 2 for instance a voltage is applied of 2 V to make the picture element 2 transparent. 
The voltages applied at the first electrodes 3 of neighboring picture elements 2' are for 
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instance voltages of -2 V to color the neighboring picture elements 2\ The voltages applied 
to the third electrodes 6 are for instance 0 V and the voltages applied at the fourth electrodes 
8 are for instance -0.5 V to substantially reduce crosstalk between picture element 2 and 
neighboring picture elements 2\ 

5 Third electrodes 6 and fourth electrodes 8 may be constructed to partially 

surround the first electrode 3, for example in column and row directions, respectively. In this 
manner, third and fourth electrodes 6,8 can be used to independently adjust the degree of 
crosstalk in row and column directions, respectively. 

For displaying a picture on a display panel 1 having multiple picture elements 

10 2 the optical state of each picture element 2 is set independent of the optical state of other 
picture elements 2, i.e. each picture element 2 is addressed independently. The potentials 
across the first electrodes 3 and the second electrodes 4 of picture elements 2 are determined 
by the drive mode. Figure 5 shows diagrammatically a display panel 1 which is driven with 
active switching elements 19, in this example thin film transistors. It comprises a matrix of 

15 picture elements 2 at the area of crossings of row electrodes 17 and column electrodes 11. 
The row electrodes 17 are consecutively selected by means of a row driver 16, while the 
column electrodes 1 1 are provided with data via a data register 10. If necessary, incoming 
data 13 is first processed in a processor 15. Mutual synchronization between the row driver 
16 and the data register 10 takes place via drive lines 12. Drive signals from the row driver 

20 16 select the picture elements 2 via thin film transistors 19 whose gate electrodes 20 are 

electrically connected to the row electrodes 17, and the source electrodes 21 are electrically 
connected to the column electrodes 11. The signal present at the column electrode 1 1 is 
transferred via the thin film transistor 19 to the picture element 2. 

In general, additional switching means 3 1 and memory means 30 are present 

25 within the picture element circuit, coupled to the drain electrode 22 of TFT 19, as shown in 
Figure 6. hi this case, the signal from the column electrode is used to either open or close the 
additional switching means 31. When switching means 31 is conducting, first electrode 3 is 
electrically connected to voltage supply 32. Memory means 30 ensures that switching means 
3 1 remains in the same state until the following addressing period. These additional means 

30 ensure that the first electrode 3 is supplied with the required first signal during the hold 

period between successive addressing of the picture element 2. This ensures that the interval 
for the picture elements 2 of the display panel 1 to switch their optical state is relatively 
small. The second electrode 4 of the picture element 2 is connected to, for example one, or 
more, common electrodes 24. 
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In Figure 7 the switching means 9 are shown to adjust the first potentials 
applied to the third electrodes 6. In this way, for instance the viewer can adjust the crosstalk 
in the picture. 



